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Abstract 
Hydrogenated butadiene-nitrile Тherban rubbers with acrylonitrile content of 34 to 49% and unsaturation degree of 
0.9 to 6.0% and their mixes were studied upon exposure to aggressive media and elevated temperatures in the range 
of 125 to 150 C. Rubbers with peroxide and sulfur-peroxide vulcanization systems showed a high level of 
polyfunctional properties (fuel, oil и heat resistance). The dependences of functional properties of rubbers on 
acrylonitrile content and unsaturation degree in rubber macromolecules were revealed. 
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1. Introduction  
Toughening of the requirements to operational characteristics of mechanical rubber goods (MRG), namely, the 
extension of service life to 15-20 years upon exposure to aggressive media (oil, fuel, sulfur-bearing oil) and high 
temperatures (125-150 qC), makes it necessary to employ the advanced highly resistant materials, primarily the 
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special-purpose synthetic elastomers: epichlorohydrine, fluorine, fluorine-siloxane, acrylate, and hydrogenated 
butadiene-nitrile ones. 
The requirements to stability of various MRG in aggressive media and at high temperatures [1] are fulfilled most 
completely by hydrogenated butadiene-nitrile rubbers (HBNR), which are a new type of elastomers containing 
saturated hydrocarbon chains in the backbone and nitrile groups in the side chain. These are the Тherban (Lanxess, 
Germany), Zetpol (Zeon Corporation, Japan), Tornac (Polysar, Canada), and Zannan (ZannanSci Tech Co. Ltd, 
China) rubbers having different viscosity, acrylonitrile (AN) content and unsaturation degree, which characterizes 
the presence of residual double bonds (RDB)). Functional properties of rubber can be changed by varying the AN to 
RDB ratio in the rubber macromolecule. 
Due to their polyfunctional properties, HBNR are used for the production of rubber rings, gaskets, seals, 
rubberized fabric membranes, hoses, drive belts and other MRG employed in oil industry [2]. However, information 
on the application of HBNR for the production of rubber-cord goods is virtually absent. 
Some results of preliminary studies of Therban С3446 an BNR-V-4030 rubbers for external and internal layers of 
rubber-cord goods resistant to the action of hydrocarbon media at a specified temperature of 90 qC demonstrated that 
HBNR are promising for operation in aggressive media at elevated temperatures and stimulated interest to 
investigation of rubber mixes with complementary properties and to revealing the effect of HBNR macromolecule 
structure on rubber properties. 
The goal of this work was to analyze the effect of AN and RDB content in HBNR macromolecule on the 
properties of rubbers subjected to a long-term action of hydrocarbon media and elevated temperatures. New-
generation rubbers having a maximum acrylonitrile content (49 %) and extremely low (0.9 %) or low (6.0 %) 
number of residual double bonds in macromolecule (Тherban АТ 5065 VP and Тherban АТ 5005 VP) were 
developed for the use in motor cars operating with bio- and oxygen-containing fuel [3] at temperatures up to 150 qC. 
Such rubbers possess polyfunctional properties, but are studied insufficiently, which limits their application for the 
development of rubbers resistant to heat and aggressive media in the production of rubber-cord goods. 
2. Study subject 
The study was performed with rubber mixes based on Тherban HBNR with acrylonitrile content of 34 and 49 % 
and unsaturation degree of 4.0, 6.0 and 0.9 % (Table 1). 
Table 1. Properties of Therban [4] and BNR-V [5] rubbers. 
Rubber brand 
Acrylonitrile (AN) 
content, % 
Mooney viscosity, 
ML (1+4) 100 qC,  
arb. units 
Content of residual  
double bonds (RDB), % 
1. Therban С3446 
(partially hydrogenated)  
 
34 
 
68 
 
4.0 
2. Therban AT 5065 VP 
(partially hydrogenated) 
 
49 
 
54 
 
6.0 
3. Therban AT 5005 VP 
(completely hydrogenated) 
 
49 
 
55 
 
0.9 
4. BNR-V-4030  
(partially hydrogenated) 
 
38 
 
67 
 
3.0 
 
Type of the vulcanizing system of rubber mixes was chosen with respect to the content of residual double bonds in 
rubbers: sulfur or peroxide system – for partially hydrogenated vulcanizates, and peroxide – for completely 
hydrogenated ones, according to reference data [6] (Table 2). 
 
Table 2. Basic composition of rubber mixes. 
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Ingredients Rubber mix 
1 2 3 4 5 6 
1. Therban С3446 rubber 100.0 - - - - - 
2. Therban AT 5065 VP rubber - 100.0 - - 60.0 70.0 
3. Therban AT 5005 VP rubber - - 100.0 - 40.0 30.0 
4. BNR-V-4030 rubber - - - 100.0 - - 
5. Sulfur vulcanizing system 3.0 - - 3.0 - - 
6. Peroxide vulcanizing system - - 8.0 - - - 
7. Sulfur-peroxide vulcanizing system - 8.5 - - 8.5 8.5 
3. Methods 
Rubber mixes with different vulcanizing systems and same filler, plasticizer and age resister were prepared in a 
lab-scale rubber mixer RS 4,5/20-140 with two-bladed rotors and a 2.5 dm3 mixing chamber using a two-step 
mixing mode. At the first step, mixing was performed for 4 min at a rotor rate of 40 rpm and a temperature of 800C; 
and at the second step, for 2 min at 30 rpm and 600C according to the method reported in [6]. After each step, the 
rubber mix was treated on the lab-scale rollers LB 320 150/150 at a controllable temperature of 400С and roller 
friction of 1:1.25. Samples of rubber mixes were vulcanized on a PKMV-160 lab-scale hydraulic press at 153 °С.  
Plasto-elastic properties of rubber mixes and strength of vulcanizates were estimated by standard methods [9] and 
[10], respectively. Changes in the resistance of unstressed rubbers to the action of liquid aggressive media – diesel 
fuel [7] and motor oil [8] – were assessed by the method reported in [11], and resistance to thermal ageing – 
according to [12]. 
4. Results and discussion 
Weight changes of Therban rubbers with different content of acrylonitrile versus the time of their exposure to 
hydrocarbon media at elevated temperatures reached an equilibrium value (Fig. 1) or decreased monotonically (Fig. 
2).  
 
 
Fig. 1. Weight changes ∆m (%) of Therban rubbers (1-3) with 
acrylonitrile content of  34 % (1) and 49% (2, 3) in fuel at 50qC. 
Fig. 2. Weight changes ∆m  (%) of Therban rubbers (1-3) with acrylonitrile 
content of 34 % (1) and 49% (2, 3) in oil at 125qC. 
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An increase in acrylonitrile fraction makes rubbers less accessible to hydrocarbon transmission, which is caused 
by an increased hydrophilicity of rubber, an elevated concentration of cross bonds between acrylate units and, 
accordingly, a thick spatial grid that hinders the diffusion of absorbate molecules to rubber [13].  
Another essential functional property of HBNR rubbers is their ability to retain elasticity in the long-term 
operation. Fig. 3 clearly shows the descending path of the curves characterizing the dynamics of the most 
representative manifestation of ageing– relative extension (εр) – upon accelerated ageing of Тherban and BNR-V 
rubbers in air at 125 °С.  
 
Fig. 3. εр of Therban rubbers (1-3) and BNR-V (4) with a RDB content of 4% (1), 6% (2), 0.9% (3), and 3% (4) versus the time of ageing τ in air. 
 
One can see from Fig. 3 that elasticity of peroxide vulcanizate 3 and sulfur-peroxide vulcanizate 2 during thermal 
ageing changes to a smaller extent in distinction to sulfur vulcanizates 1 and 4, whose relative extension reached a 
critical value of 100 % (by 80 % lower than the initial value). Evidently, peroxides ensure a maximum thermal 
resistance of rubbers due to formation of strong -C–C- bonds between rubber molecules. In sulfur vulcanizates, less 
strong mono-, di- and polysulfide bonds are formed, which decompose upon ageing with temperature elevation [13]. 
According to expectations, relative extension of rubbers with the sulfur-peroxide vulcanizing system has an 
intermediate value. 
However, the application of peroxide vulcanizing system in rubbers is complicated by an increased gas evolution 
caused by a decrease in the activation energy of peroxide molecules decomposition in the presence of ingredients. In 
some cases, rubber mixes are employed to obtain rubbers with improved properties [14]. In this work, properties of 
rubbers 5 and 6 based on a mix of crude rubbers 2 and 3 having different saturation degree (Table 1) were compared, 
which made it possible to use the sulfur-peroxide vulcanizing system. 
A monotonic decrease in the relative extension index (Figs. 4 and 5) was observed  upon ageing of HBNR 
rubbers 2 and 3 having different unsaturation degree and their mixes 5 and 6 in air and oil at 1500C. 
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Fig. 4. Relative extension εр of Therban rubbers (2, 3) and their 
mixes (5, 6) versus the time of ageing τ in air. 
Fig. 5. Relative extension εр of Therban rubbers (2, 3) and their mixes (5, 
6) versus the time of ageing τ in oil. 
Peroxide vulcanizates of rubber 3 were found to be the most stable ones. Their relative extension during 35 days 
of ageing decreased from 450 to 200 % (in air) and 300 % (in oil), which means that after exposure to aggressive 
media the rubbers had a sufficient elasticity margin. However, decomposition of the peroxide resulted in an intense 
gas evolution and separation of rubber from the cord. 
In the case of rubber mixes 2 and 3 and sulfur-peroxide vulcanizing system, changes in the relative extension of 
rubbers were less pronounced as compared to a combination of rubber 2 with the sulfur-peroxide vulcanizing 
system: here, rubber elasticity was lost in 14 days. A loss in elasticity of mixed rubbers occurred later: in 21 days 
(70:30) and 28 days (60:40); this can be attributed to an increased heat resistance of the system. 
A more detailed analysis of the differences between mixed rubbers is illustrated on Fig. 6. The dependence of the 
deviation of experimental relative extensions of rubbers 5 and 6 from the expected values calculated by additivity on 
the time of ageing in air is most pronounced for mix 6. 
 
  
Fig. 6. Experimental εр values for rubbers upon ageing in air and expected (add) values in vulcanizates 5 (a) and 6 (b). 
 
As seen on Figs. 6a and 6b, the composites based on a rubber mix lose their elasticity in air faster in comparison 
with the expected (add) losses of relative extension of rubber. The negative deviation of experimental relative 
extensions from the expected additive values upon ageing in air exceeds the measurement error and is significant. A 
deviation from the additive relative extension is pronounced on day 7 and evens after 20 days of rubber exposure to 
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air. An increased rate of ageing may be caused by the development of oxidation process at the interphase boundary 
in rubber mixes. According to data of Figs. 4 and 5, oxidation with a loss of elasticity is more typical of the crude 
rubber with a high RDB content, because the lower is the RDB of crude rubber, the higher is the vulcanizate 
resistance to thermal ageing. Thus, in rubber 5 with the expected by additivity RDB of ~ 4.0 %, experimental values 
of relative extension are higher than in rubber 6 with the expected RDB of ~ 4.5 %. Therefore, by varying the RDB 
content one can find an optimal composition of mixes that would provide a high relative extension of rubbers upon 
ageing, i.e. the greatest elasticity. 
According to experimental data displayed on Figs. 7с and 7d, elasticity of rubbers upon ageing in oil is 
predictable and a relative extension within the 10% relative error corresponds to the additive values. 
 
  
Fig. 7. Experimental εр values for rubbers upon ageing in oil and expected (add) values for vulcanizates 5 (c) and 6 (d). 
 
Due to the presence of various chemical bonds in the Therban rubber molecule [15], the application of this rubber 
and its mixes having different structure of macromolecules renders a controllable set of key functional properties to 
rubbers, namely, heat resistance, resistance to hydrocarbon media, and elasticity. 
5. Conclusion 
It was shown that an increase in the relative fraction of acrylonitrile from 34 to 49 % in macromolecules of 
hydrogenated butadiene-nitrile rubber and a decrease in unsaturation degree from 6.0 to 0.9 % make it possible to 
enhance fuel, oil and heat resistance of the corresponding rubbers with peroxide and sulfur-peroxide vulcanizing 
systems. Variation of the content of residual double bonds can be used to find an optimal composition of Тherban 
rubber mixes, which makes the rubbers most elastic. Elasticity of rubbers with peroxide and sulfur-peroxide 
vulcanizing systems was shown to be higher as compared to those with the sulfur system. 
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